ATR activation necessary but not sufficient for p53 induction and apoptosis in hydroxyurea-hypersensitive myeloid leukemia cells.
Hydroxyurea (HU) is a competitive inhibitor of ribonucleotide reductase that is used for the treatment of myeloproliferative disorders. HU inhibits DNA replication and induces apoptosis in a cell type-dependent manner, yet the relevant pathways that mediate apoptosis in response to this agent are not well characterized. In this study, we employed the human myeloid leukemia 1 (ML-1) cell line as a model to investigate the mechanisms of HU-induced apoptosis. Exposure of ML-1 cells to HU caused rapid cell death that was accompanied by hallmark features of apoptosis, including membrane blebbing, phosphatidylserine translocation, and caspase activation. HU-induced apoptosis required new protein synthesis, was induced by HU exposures as short as 15 min, and correlated with the accumulation of p53 and induction of the p53 target gene PUMA. p53 induction in ML-1 cells was ATR dependent and downregulation of p53 through RNAi delayed HU-induced apoptosis. HU did not induce p53 or induce apoptosis in Molt-3 leukemia cells, even though exposure to HU induced a comparable level of DNA damage and robustly activated the ATR pathway. The microtubule inhibitor nocodazole suppressed HU-induced p53 accumulation in ML-1 cells suggesting that a microtubule-dependent event contributes to p53 induction and apoptosis in this cell line. Our findings outline an HU-induced cell death pathway and suggest that activation of ATR is necessary, but not sufficient, for stabilization of p53 in response to DNA replication stress.